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Abstract

SELECTING PLANNING AND SCHEDULING

SPECIFICATIONS FOR CONSTRUCTION PROJECTS
by

Leaf Aquilla Ballast, M.S.E.
The University of Texas at Austin, 2000

Supervisor: Calin M. Popescu

This thesis analyzes the effect of contract remuneration type and project
complexity on the desirability of planning and scheduling specification clauses for
construction projects. The information in this thesis is based on the analysis of
responses to a survey that was sent to randomly selected construction companies,
large owners, and various Naval Facilities Engineering Commands. For the
survey, traditional definitions of lump sum and cost reimbursable contracts were
used, and an easily quantifiable project complexity rating was developed. The
analysis provides practical insights on which planning and scheduling
specification clauses should be included for projects of different complexities and
remuneration types. It also provides valuable insights on the differences in how
contractors and owners view each planning and scheduling specification clause.
Conclusions and recommendations are presented based on the results of the
analysis.
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Chapter 1: Introduction
1.1 PURPOSE

The purpose of this thesis is to determine how construction project
complexity and contract remuneration type affect the desirability of planning and
scheduling specification clauses.

A comprehensive planning and scheduling specification is a system that
can truly aid planning of job sequences, financial needs, manpower needs,
material needs, and equipment needs. It can aid scheduling of actual activity start
or completion and provide feedback to control the schedule, cost, and use of
resources (Fairchild 1985). A critical step in the execution of any construction
project is the selection of planning and scheduling specification clauses to be
included in the construction contract. Numerous project characteristics should be
taken into account when determining which planning and scheduling specification
clauses should be included. Two major items to take into consideration are
project complexity and contract remuneration type. This thesis will explore how
these attributes affect the desirability of planning and scheduling specification

clauses by both owners and contractors.




For the purpose of this research, the following attributes define project

complexity:
e Estimated number of construction activities
e [Estimated number of subcontractors
e Number of CSI Divisions

e Estimated cost of installed equipment (i.e. long lead items such
as transformers, elevators, HVAC equipment, et cetera)

e Project priority

The following contract remuneration types are also considered in this

research:

e Lump sum contracts (i.e. unit price and fixed price with
escalation)

e Cost reimbursable contacts (i.e. cost plus a percentage fee, cost
plus a fixed fee, cost plus an incentive fee, and cost plus an
award fee).

1.2 SCOPE

The scope of this research is to collect subjective data on selecting
planning and scheduling (P&S) specification clauses for construction projects
based on combinations of project complexity and contract remuneration type.
The data was collected from randomly selected contractors, owners, and U.S.
Navy Facilities Engineering Field Divisions and Engineering Field Activities.
The research focuses on new construction projects that are well defined.
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1.3 HYPOTHESIS

There is a scarcity of actual research on selecting P&S specification
clauses for construction projects based on project attributes such as complexity
and contract remuneration type. This thesis lists 49 P&S specification clauses for
selection in a construction contract. The following hypotheses will be used:

a. Project complexity rating directly affects the number of P&S
specification clauses selected by both owners and contractors.
A project with a high complexity rating will result in the
selection of more clauses than a project with medium or low
complexity rating.

b. Contract remuneration type affects the number of P&S
specification clauses selected. For both owners and
contractors, cost reimbursable contracts will result in the
selection of more clauses than lump sum contracts.




Chapter 2: Background
The information gathered in this chapter was collected through an
extensive literature review. It discusses the content of the planning and
scheduling specifications utilized in this research. Basic definitions of project
complexity rating and the two types of contract remuneration researched will be
provided.  Lastly, past research conducted on planning and scheduling
specifications will be examined.
2.1 PLANNING AND SCHEDULING SPECIFICATION CLAUSES
The planning and scheduling (P&S) specification clauses used in this
thesis fall into one of the following sections: 1) General Organization and
Responsibility; 2) Scope and Products; or 3) Progress Monitoring and Updating.
The P&S specification clauses can be seen in their entirety in Appendix A. Each
of these sections also serves as a general category of P&S specification clauses.
2.1.1 General Organization and Responsibilities
The intentions of the clauses in this section fall into one of the following
categories:
¢ General Description
¢ Responsibility, Qualifications, and Training
¢ Scheduling Deadlines, Costs, and Audits

e Schedule Ownership and Security




%5

The General Description clauses describe the phase and/or portions of the
project that are required to be tracked in the schedule. These included but are not
limited to the following: detailed design, design reviews, land z{cquisition, major
material and equipment procurement, field erection/installation, final startup, et
cetera. These clauses also list references and standards associated with CPM
scheduling.

The clauses associated with Responsibility, Qualifications, and Training
specify the following:

e Responsibility for the development and maintenance of the
network logic diagram;

e The minimum education and/or experience qualifications for
the planning and scheduling staff; and

e The CPM training requirements for project management
personnel (i.. owner’s representatives, contractor personnel,
and subcontractor personnel).

The next category of clauses for this section is Scheduling Deadlines,
Costs, and Audits. Clauses in this category will specify deadlines for submission
of preliminary and detailed networks and the review and approval process for
these networks. This category also contains clauses that specify a monetary

amount to be applied to planning/scheduling and monitoring and how payment to

the contractor will be made for performing these functions. Other clauses deal




with the following: which subcontractors will have input into the schedule, the
contractor’s scheduling plan, and planning/scheduling and monitoring audits.

The final category of General Organization and Responsibilities section is
Schedule Ownership and Security. It essentially specifies who owns the schedule,
whether or not the schedule is confidential, and if computer access and security
are required.

2.1.2 Scope and Products

The intentions of the clauses in this section fall into one of the following
categories:

e Network Analysis and Scope
e Reports Information
e Network Detail and Scope

The Network Analysis and Scope clauses specify the network analysis
technique to be used such as Arrow Diagramming Method, Precedence
Diagramming Method, or PERT. In most cases, the Precedence Diagramming
Method is used in construction today. Other clauses in this category will specify
the type of CPM software to be used (if any) and whether or not Resource
Aggregation, Leveling, and/or Allocation will be performed.

The clauses in the Reports Information category require the contractor to

input information into each activity; such as, descriptions, durations, coding




systems, and responsibility codes, so that construction activities can be sorted and
reports produced that give a good snapshot of the status of the project. Project
Breakdown Structure, Activity Sorting Requirements, and Required Reports for
Initial Submission are also specified in this category.

The clauses in the Network Detail and Scope éategory specify the level of
detail for fhe network; such as, maximum activity duration, maximum acfivity
cost, and minimum number of activities in the total network. These clauses are
intended to ensure that the contractor’s construction planning effort is satisfactory
by specifying a level of detail for the network diagram (Zack 1992). This
category includes clauses that specify the scope of the contractor’s summary
schedule, preliminary network, and detailed network. The network diagram
drafting requirements are also specified.

2.1.3 Progress Monitoring and Updating

As seen in the title of this section, the subject clauses specify how progress
monitoring of the project and updating of the network shall be accomplished.
This section includes clauses that specify how often the network shall be updated,
who participates in update meetings, what has to be included in each update, the
update turnover time, and the required reports after each update. This section also
includes clauses on float management (i.e. who owns it) and how change orders

shall be represented in the network.




2.2 PROJECT COMPLEXITY RATING

Complexity is a term that is often subjectively applied to construction

projects. Webster’s Third New International Dictionary defines complex as

“having many varied interrelated parts, patterns, or elements and consequently

hard to understand fully.” Selected experts in the building industry view a

complex project as follows (Gidado 1996):

a.

That having a large number of different systems that need to be
put together and/or that with a large number of interfaces
between elements.

When a project involves construction work on a confined site
with access difficulty and requiring many trades to work in
close proximity and at the same time.

That with a great deal of intricacy which is difficult to specify
clearly how to achieve a desired goal or how long it would
take.

That which requires a lot of details about how it should be
executed.

That which requires efficient coordinating, control, and
monitoring from start to finish.

That which requires a logical link because a complex project
usually encounters a series of revisions during construction and
without interrelationships between activities it becomes very
difficult to successfully update the program in the most
effective manner.




This research attempts to objectively quantify project complexity by

developing a project complexity rating that is determined by the following

attributes:

Estimated number of construction activities in the network
diagram

Estimated number of subcontractors expected to be utilized
during the construction of the project

Estimated number of CSI Divisions included in the
specification

Estimated cost of installed equipment (long lead items such as
transformers, elevators, HVAC equipment, et cetera)

Project priority

All of these attributes correlate either directly or indirectly with at least one of the

previously listed characteristics of a complex project as expressed by Gidado’s

building industry experts.

The project complexity rating developed in this research allows for three

possible levels of project complexity: high, medium, and low. Each attribute was

given an objective value that corresponds to each of the levels stated above. The

only exception is project priority, which is entirely subjective. Table 2.1 shows

values required for each attribute to achieve a complexity rating of high, medium,

and low.




Table 2.1: Complexity Rating

Complexity Rating
Attributes High Medium Low
NA = No. of Const. Activities | NA > 1,000 100 < NA <£1,000 NA <100
NS = No. of Subcontractors NS > 20 10<NS <20 NS <10
ND = No. of CSI Divisions ND> 13 7<ND<13 ND<7
CE = Cost of Installed Equip | CE > $250,000 | $50,000 < CE < $250,000 | CE < $50,000
PP = Project Priority PP = High PP = Medium PP = Low

2.3 CONTRACT REMUNERATION TYPES

This research examines what effect lump sum and cost reimbursable
contracts have on the desirability of P&S specification clauses.

A lump sum contract is a guarantee by the contractor to perform the work,
as specified, for a fixed price no matter what the actual price may be (The
Business Roundtable Report A-7 1982). The variations include (Nesius 1998):

e Unit Price — unit costs and estimated quantities with payments
based on work actually performed.

e Fixed Price with Escalation — price adjustments on cost of
certain materials, labor or other factors beyond the contractor’s

control.

* Incentives may also be used in conjunction with a lump sum
contract.

10




A cost reimbursable contract is an agreement by the contractor to perform
the work and ‘be reimbursed on the basis of actual costs incurred for material and
labor, plus an agreed amount for the contractor’s overhead and profit (The
Business Roundtable Report A-7 1982). The “agreed amount” is often referred to
as the “fee.” Variations of cost reimbursable contracts include (Nesius 1998):

e Cost plus a Percentage Fee — the contractor’s fee is a
percentage of the actual project cost.

e Cost plus a Fixed Fee — a fee covering the contractor’s
overhead and profit if negotiated before the project

commences.

e Cost plus an Incentive Fee — some or the entire fee is
dependent upon achieving certain cost, schedule or other goals.

e Cost plus an Award Fee — fee varies according to certain
agreed criteria on which the contractor is rated for
performance.

¢ Guaranteed Maximum Price — similar to cost plus a fixed fee
except that a ceiling is set for 100% cost reimbursement to the
contractor.

This research will examine all variations of lump sum and cost
reimbursable contracts as a whole. The variations of each type of contract will

not be evaluated independently as to what effect they have on the desirability of

P&S specification clauses.

11




2.4 PAST RESEARCH

While there has been some research accomplished on developing P&S (or
CPM) speciﬁcations for construction projects, very little research has been
completed on selecting P&S specification clauses. P&S specifications can vary
from being a brief paragraph stating the Contractor will use CPM to being many
pages stating how the Contractor is to use CPM. Projects with different cost,
scale, and complexity may require varying degrees of control, thus, different P&S
specification clauses should be required to meet these varying degrees of control
(Fairchild 1985).

A first-rate P&S specification considers the objectives of all of the
principal parties involved in the project; Owner, Architect/Engineer, General
Contractor, and Subcontractors. Each party has different goals or objectives in
their use of the P&S specification system. Each party will be more committed to
carry out their required P&S obligations if the P&S specifications meet each
party’s objectivés and goals (Fairchild 1985). This is a recurring theme in much
of the literature published on P&S specifications. These systems are only as good
as the Contractor and Owner’s motivation to implement them.

A balance has to be found on the level of detail of the P&S specification
system. P&S specifications that are too brief are likely to cause problems as well

as specifications that are too cumbersome or too detailed (Popescu 1987).

12




P&S specification clauses can cause problems if they are not properly
worded, applied, or adhered to. A report to the Construction Industry Institute on
the impact of clauses on project performance states “Clauses related to work
scope definition, changes, and project control are the most frequent source of
disputes and poor project performance” (Ashley 1986).

Many of the clauses in P&S specifications can be used to remedy schedule
“Games” people play. For instance, using a clause specifying progress payment
for a Contractor’s Planning and Scheduling effort can motivate a contractor to
keep the schedule updated. Other clauses that can also help remedy other
“games” are minimunm/maximum number of activities, maximum activity
duration requirement, and interim milestone dates (Zack 1992)

This research looks at all of the P&S specification clauses contained in
Appendix A and asks Contractors and Owners if they would include the clauses
given a notional project with a specified level of complexity. This will provide
insights as to which clauses Contractors and Owner like and which ones they do

not like.
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Chapter 3: Research Methodology

This chapter will discuss the methodology used to conduct the research
contained in this thesis. The source of data for this thesis is briefly discussed
followed by a description of techniques used to analyze the data.

3.1 SURVEY

The data for this thesis was collected by sending surveys to contractors,
owners, and U.S. Naval Facilities (NAVFAC) Engineering Field Divisions (EFD)
and Engineering Field Activities (EFA). Fifty contractors and fifty owners were
randomly selected from Engineering News Record’s top 100 contractors and
owners. One survey participant from each NAVFAC EFD and EFA (a total of
eight) was selected to complete the survey.

The survey consisted of four partsf 1) a cover letter, 2) instructions on how
to complete the survey, 3) the actual survey, and 4) sample planning and
scheduling guide specifications. The sample specification and the full version of
the instructions is contained in Appendices A and B respectively.

The aforementioned purpose of this thesis is to determine how
construction project complexity and contract remuneration type affect the
desirability of planning and scheduling specification clauses. Therefore, project

complexity and remuneration type had to be defined and incorporated into the

14




survey. These attributes for both complexity and remuneration type were defined
in Chapter 2 of this thesis.

A list and brief description of the P&S specification clauses considered in
this thesis follows. The complete wording of each clause is contained in
Appendix A.

No. Description of Clause

1.1  Description, References, Standards

1.2 Scheduling Responsibility

1.3 Minimum Qualifications of Planning and Scheduling Staff
1.4  Training Requirement for Contractor, Subcontractor, Owner
1.5 Preliminary Network Submission Deadline

1.6  Detailed Network Submission Deadline

1.7 Review and Approval Process

1.8  Cost of Planning/Scheduling and Monitoring

1.9  Progress Payments for Planning/Scheduling and Monitoring
1.10 Subcontractor Input

1.11 Contractor’s Scheduling Plan

1.12 Planning/Scheduling and Monitoring Audits

1.13 Confidentiality/Schedule Ownership

1.14 Computer Access and Security

2.1  Network Analysis Technique

2.2 CPM Software (or equal) to be Used

2.3.1 Activity Description

2.3.2 Activity Duration (Time Units)

2.3.3 Activity Coding System

2.3.4 Responsibility Codes

2.3.5 Activity Level Resources

2.3.6 Project Level Resources

2.3.7 Activity Costs

2.3.8 Work Calendars

2.4.1 Maximum Activity Duration

2.4.2 Maximum Activity Costs

2.4.3 Minimum Number of Activities in the Completed Network
2.4.4 Minimum Number of Activities in the Preliminary Network
2.5.1 Summary Schedule
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252
253
2.6
2.7
2.8
29
2.10

Preliminary Network

Detailed Network

Project Breakdown Structure

Milestones and Imposed Dates

Activity Sorting Requirements

Drafting Requirements

Required Reports for Initial Submittal of Completed Network

2.11.1Resource Aggregation
2.11.2 Resource Leveling
2.11.3 Resource Allocation Optimization

3.1
32
33
34
35
3.6
3.7.1
3.7.2
373
3.8

of experience as a project manager on various sized projects and experience using
computerized scheduling software. The respondents were tasked with choosing
six notional projects containing the attributes listed in Table 3.1 and determining
the desirability of each P&S specification clause based on their expert opinion and

experience.

Updating Frequency

Updating Participation

Updated Network Approval

Updating Turnover Time

Updating Records and Reporting

Float Management

Change Order Representation

Change Order Summary/Documentation
Timing of Change Order Incorporation
Required Reports at Each Update

The cover letter asked that respondents to the survey should have ten years

following responses for each clause:

16
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o Y - Yes, respondent feels strongly that this clause should be

included in the specification,;

e N — No, respondent feels strongly that this clause should not be

included in the specification; or

o U - Undecided, respondent is undecided as to whether this
clause should be included in the specification.

Table 3.1: Project Attributes for Survey

Project | Complexity Rating | Remuneration Type
1. High Lump Sum
2. Medium Lump Sum
3. Low Lump Sum
4. High Cost Reimbursable
5. Medium Cost Reimbursable
6. Low Cost Reimbursable

Five contractors, two owners, and eight NAVFAC EFDs and EFAs
completed the surveys and returned them. This research will analyze those 15

responses.
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3.2 KEY DEFINITIONS
This séction covers a couple of key definitions that are very important to
the understanding of this research.
3.2.1 Specification Desirability Rating
The Specification Desirability (SD) rating measures each respondent
affinity toward the specification as a whole. As mentioned previously in this
section, each respondent can choose from among three responses for each clause
on each notional project. There are six total notional projects: three Lump Sum
projecté, and three Cost Reimbursable ﬁrojects. The following points were given
to each response:
o Yes=30
e Undecided = 1.5
e No=00
To calculate the Specification Desirability (SD) rating, the following steps
were completed:

e Total a respondent’s scores for a notional project (e.g. high
complexity/lump sum) based on the points above

e Divide the total by the number of clauses responded to
(maximum of 49)
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3.2.2 Clause Desirability Rating

The Clause Desirability (CD) rating measures the averége desirability of
each clause for a notional project. The same point system that was used for SD
rating was used for CD rating. To calculate Clause Desirability (CD) rating, the
following steps were completed:

e Total all of the responses for a clause for a notional project
based on the points above

~ o Divide the total by the number of respondents that provided
input (maximum of 15)

3.3 ANALYSIS TECHNIQUES

Once the surveys were returned from the respondents, the data was input
into the tables listed in Appendices C, D, E, F, G and H. There is an appendix for
each notional project listed in Table 3.1 All of the data analysis performed in this
research can be retrieved from these appendices.

The following items were studied to determine what effect, if any, project
complexity and contract remuneration type have on the selection of P&S
specification clauses:

e Determine if project complexity affects the number of P&S
clauses selected.

e Determine if contract remuneration type affects the number of
P&S clauses selected.

19




e Determine which clauses show statistically significant evidence
that there is a relationship between the desirability of that
clause and project complexity.

e Determine which clauses show statistically significant evidence
that there is a relationship between the desirability of that
clause and contract remuneration type.

e Determine if there is a statistically significant difference in the
number and specific clauses that contractors and owners prefer.

The following statistical .methods will be utilized to establish the
relationships listed above: Analysis of Variance (ANOVA) and Contingency
Tables.

3.3.1 Analysis of Variance (ANOVA)

The purpose of one-way ANOVA is to evaluate the statistical significance
of differences between two or more sample means. This procedure evaluates the
differences in means by analyzing variances (Diekhoff 1996). The following
three assumptions are made when dealing with ANOVA: 1) the population is
approximately normally distributed, 2) population variances are equal, and 3) the
samples are independent and random.

To test whether the population is approximately normally distributed, a
Chi-square goodness of fit test was used. The following rule of thumb test was

used to determine if the samples represent population variances that are

approximately equal: 252,,,1-n < szmax, where szmin and szmx are the minimum and
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maximum sample variances. A two sample F-test to compare two pbpulation
variations was also performed to check to see if population variances are
approximately equal. Since the respondents for the survey were randomly
selected, the samples are both independent and random.

If the assumptions are substantiated, ANOVA is performed on the data. A
confidence interval of 95% or o = 0.05 is used. An o = 0.05 means that the
probability of Type I error, rejecting the null hypothesis when it is true, is 5%.
The null hypothesis (H,) states that the population means are equal, the alternate
hypothesis (H,) states that population means are not equal.

H, is accepted when either of the following conditions are met:

e Condition one: P-value < ot and F < F crit, or
e Condition two: P-value > o
The following condition has to be met in order to reject H, and accept H;:

e Condition: P-value < o.and F > F crit

3.3.2 Contingency Tables
A contingency table can be used to analyze the relationship between two
variables. The relationship is established by comparing observed frequencies (f,)

to expected frequencies (f.). The observed frequencies were collected from the
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data provided by the respondents, and the expected frequencies were calculated
based on row and column totals.
Expected frequencies are calculated as follows:

(row i total) x (column j total)
grand total for contingency table

fe for position row i column j =

Once all of the f, and f, have been established, a chi-square (x°)

significance test is performed. Chi-square is calculated as follows:
x2 - Z (fof_e le)

Any chi-square value that is greater than zero shows evidence that there is a
relationship between the two variables; however, this relationship may or may not
be statistically significant.

The null hypothesis (H,) states that no relationship exists between the two
variables, and the alternative hypothesis (H,) states that a relationship between the
two variables exists. To test this hypothesis, the calculated chi-square value is
compared to a critical value of x>. The critical %’ value is based on the degree of
freedom (df) of the contingency table and a selected level of significance (o). If
the calculated valué of %% is greater than the critical value of %, then H, is

rejected.
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While the chi-square test will reveal that a relationship exists between the
two variables, it will not reveal the strength of that relationship. For this, a

Cramer’s V statistic is calculated as follows:

V= ’———7‘2
N(n-1)

where
V = Cramer’s V Statistic
x* = the chi-square statistic
N = the grand total for the contingency table
n the number of rows or columns in the contingency table,

whichever is smaller

Cramer’s V statistic produces a number from zero to one. Where zero

means the relationship is non-existent and one is the strongest that the relationship

can be.
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Chapter 4: Analysis
This chapter contains the analysis performed on the data. provided in
response to the survey. The main focus of the analysis is how project complexity
and contract remuneration type affect the desirability of P&S specification
clauses.

4.1 CLAUSE SELECTION FACTOR: PROJECT COMPLEXITY RATING VS.
SPECIFICATION DESIRABILITY RATING

This section evaluates how the Project Complexity rating affects the
Specification Desirability rating and determines if a relation exists between the
two. Based on the desirability scoring system in Chapter 3, a Speciﬁcation
Desirability (SD) rating was calculated for each respondent. In plain language,
the SD rating is a measurement of each respondent’s affinity for ail of the P&S
specification clauses as a whole. The SD rating for each respondent can be seen

in Table 4.1.
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Table 4.1: Specification Desirability for Respondents

Lump Sum Contracts Cost g:;ﬁ::;sable

High |Medium| Low High |Medium| Low
Ctr-A 1.898 0.612 0.367 2.449 1.102 0.367
Ctr-B 2204 | 1469 | 0.857 | 2.388 | 1.592 | 0.857
Ctr-C 2.813 | 2438 | 0938 | 2.625 | 1.781 | 0.781
Cur-D 2.344 2.375
Cur-E 1.898 | 1.286 | 0.000 | 1.898 | 1.286 | 0.000
Own-A | 2.602 2.296 1.561 2.663 2.357 1.622
Own-B | 2296 | 1.684 | 1.561 | 2296 | 1.684 | 1.561
Nav-A | 2.082 | 1.898 | 1.776
Nav-B | 2.602 | 2.173 | 1.653 | 2.602 | 2.173 | 1.653
Nav-C | 1.286 | 1.286 | 0.704 | 1.286 | 1.286 | 1.224
Nav-D | 2418 2.051 1.408 2418 2.051 1.408
Nav-E | 2.602 | 2.327 | 1.653 | 2.602 | 2.143 | 1.653
Nav-F | 2.571 | 1.898 | 0.000 | 2939 | 2.327 | 0.000
Nav-G | 2.204 | 1.776 | 1.469 | 2.204 | 1.776 | 1.469
Nav-H | 3.000 | 1.714 | 0.306 | 3.000 | 1.684 |.0.245
Mean 2.321 1.768 1.018 2410 1.778 0.988

The data in Table 4.1 was used to determine if project complexity affects
the number of clauses desired by the respondents for each notional project. If this
is true, then the difference in the means for each complexity rating will be

statistically significant. ANOVA was used to determine this.
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Before ANOVA testing is performed, it is prudent to test the following

assumptions that are associated with ANOVA:
e the population is approximately normally distributed
e the population variances are approximately equal
e the samples are independent and random

The Chi-square ) goodness-of-fit test was performed to see if there was
a significant difference between the sample distributions and normal population
distribution. In Table 4.2, the xz value is less than the critical xz value; therefore
the difference in distributions is not significant.

The x2 goodness-of-fit test typically cannot be used when more than 80%
of the expected frequencies are less than five. Expectant frequencies (f,) less than
five will often result in a x2 value that is abnormally large for a corresponding
small difference between f, and f,. For this test, a high x2 value would most
probably result in Type I error, which is rejecting the populations being normally
distributed when they really are. However, it should have little affect on Type I
error, which is accepting the populations being normally distributed when they

really are not. Since the %° values are small, the test was used.
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Table 4.2: High Complexity/Lump Sum Projects

z-scores Lower Upper % Observed Expected
-3to-2 1.047 1472 2.15% 1 0.323
-2to-1 1.472 1.896 13.59% 0 2.039
-1t00 1.896 2321 34.13% 6 5.120
0to+1 2.321 2746 34.13% 6 5.120
2
0

+1to +2 2.746 3.171 13.59% 2.039
+2to +3 3.171 359 2.15% 0.323

r 4.088
Critical x>  9.236

The results of the Chi-square goodness-of-fit test for the other sample

distributions listed in Table 4.1 are shown in Table 4.3.

Table 4.3: Summary of x> Goodness of Fit Test for Lump Sum Projects

Remuneration Project x Critical Normally

Type Complexity Distributed?
High 4.088 9.236 Yes
Lump Medium 4.899 9.236 Yes

Sum
Low 4317 9.236 Yes
High 3.220 9.236 Yes
~ Cost Medium 1.988 9.236 Yes
Reimbursable

Low 1.988 9.236 Yes
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In Table 4.3, all of the xz values is less than the critical ° value; therefore
the difference between the sample distributions and normal population
distribution is not signiﬁcaﬁt. This satisfies the first assumption that the
populations are normally distributed.

To test the second assumption, the following rule of thumb test was used:
252,,,3,, < szmx, where szmi,, and s2max are the minimum and maximum sample
variances. Table 4.4 shows the results of this test. Since .2s2min is less than 52max
for both Lump Sum and Cost Reimbursable projects, it is concluded that the

population variances are not significantly different.

Table 4.4: Test for Equal Variances

Remuneration Type 25" min $” max Variances Approx. Equal?
Lump Sum 0.361 0.420 - Yes
Cost Reimbursable 0.339 0.419 Yes

To satisfy the third assumption, the respondents were randomly selected;
therefore the samples are both random and independent.

Single factor ANOVA was performed to see if the following samples
means were significantly different: high vs. medium complexity, high vs. low

complexity, and medium vs. low complexity. This was done for both Lump Sum
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and Cost Reimbursable projects. The alpha (o) for each ANOVA was 0.05. The

null (H,) and alternative (H,) hypotheses follow:

H,: the means of the SD ratings for each complexity rating are
equal for Lump Sum projects.

H,: the means of the SD ratings for each complexity rating are
not equal for Lump Sum projects.

As seen in Table 4.5, ANOVA provides the following terms:
e SS - sum of squares error
e df-degree of freedom
e MS — mean squared error

e F — the actual ratio of explained variation to unexplained
variation

e P-value — the actual level of significance of ANOVA (i.e. the
probability of rejecting H, when it is true)

e F crit — the expected ratio of explained variation to
unexplained variation

One of the following conditions has to be met in order to accept H, and
reject Hy:
e Condition one: P-value < ot and F < F crit, or
e Condition two: P-value > o
The following condition has to be met in order to reject H,, and accept Hy:

e Condition: P-value < o and F > F crit
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Table 4.5: ANOVA of Hivgh vs. Medium Complexity for Lump Sum Projects

SUMMARY
Groups Count Sum  Average Variance
High Complexity 15 34.8195 2.3213 0.1805
Med Complexity 14 247538 1.7681 0.2506
ANOVA
Source of Variation SS df MS F P-value  F crit
Between Groups 2.2158 1 22158 10.3428 0.0034 4.2100
Within Groups 5.7845 27 02142
Total 8.0004 28

A review of Table 4.5 shows that the condition to reject H, and accept H,
is met. Therefore, the difference between the means of the SD ratings for high
and medium complexity, lump sum projects are statistically significant. Table 4.6
shows the summary of ANOVA results for Lump Sum and Cost Reimbursable
projects. H, was rejected for each case that an ANOVA was performed. This
shows statistically significant evidence that there is a direct correlation between
project complexity and the number of P&S specification clauses desired for both

Lump Sum and Cost Reimbursable projects.

30




Table 4.6: Summary of ANOVA for Complexity vs. SD Rating

Remuneration Reject
ANOVA F P-value Ferit

Type | He?
High vs. Med | 10.0999 | 0.0038 4.2100 Yes

Lump
S High vs. Low | 41.5695 | 6.56E-07 4.2100 Yes

um
Med vs. Low | 12.1465 | 0.0018 4.2252 Yes
c High vs. Med | 14.8812 | 0.0007 4.2417 Yes

ost
High vs. Low | 45.9158 | 4.21E-07 4.2417 Yes

Reimbursable

Med vs. Low | 14.2112 | 0.0009 4.2597 Yes

4.2 CLAUSE SELECTION FACTOR: LUMP SUM VS. COST REIMBURSABLE

Specification Desirability (SD) rating and determines if a relation exists between
the two. The data used in this section came from Table 4.1. Data from the high
complexity Lump Sum notional project was compared to data from the high
complexity Cost Reimbursable notional project. The same comparison was
completed for both medium and low complexity projects.

The three assumptions associated with ANOVA still apply. The normal
distribution and independent and random sample assumptions that were tested in

Section 4.1 apply to this section, so they do not have to be tested. However, since

|
This section evaluates how Contract Remuneration Type affects
31




this section is comparing different samples than were compared in the previous
section, the assumption of equal variances must be tested to see if it is true.

A two-sample F-test to compare two population variations was completed
to test the assumption of equal variance. The same criteria for accepting and/or
rejecting H, and H, for ANOVA in last apply for the F-test to compare to
population variations.

H,: the population variances are equal.
H,: the population variances are not equal.

A review of Tables 4.7 through 4.8 show that H, should be accepted and

that H, should be rejectedv. Therefore, it is concluded that the population

variances are equal.

Table 4.7: Two Sample F-test for High
Complexity Projects

High - LS High- CR

Mean 2.3213 2.4103
Variance 0.1805 0.1844
Observations 15 14
df 14 13
F 0.9791

P(F<=f) one-tail 0.4821
F Critical one-tail 0.3988
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Table 4.8: Two Sample F-test for Medium
Complexity Projects

Med—-LS Med-CR

Mean 1.7791 1.7877
Variance 0.2474 0.1661
Observations 14 13
df 13 12
F 1.4892

P(F<=f) one-tail 0.2489
F Critical one-tail ~ 2.6602

Table 4.9: Two Sample F-test for Low
Complexity Projects

Low-LS Low-CR

Mean 1.0181 0.9879
Variance 0.4200 0.4191
Observations 14 13
df 7 13 12
F 1.0021

P(F<=f) one-tail 0.5016
F Critical one-tail  "2.6602

Since all three assumptions have tested satisfactorily, ANOVA is
performed on the samples to see if there is a statistically significant difference
between the means. A confidence level of o = 0.05 was used.

H,: the means of the SD ratings for Lump Sum Projects and Cost

Reimbursable Projects are equal for projects with the same
Complexity Rating.
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H,: the means of the SD ratings for Lump Sum Projects and Cost
Reimbursable Projects are not equal for projects with the
same Complexity Rating.

Table 4.10 is a summary of the ANOVA results. A review of this table
reveals that the P-value for each ANOVA is greater than the confidence level at
which the analysis was performed. Therefore, H, should be accepted and H,
rejected. This shows that there is no significant evidence of a correlation between

Contract Remuneration Type and the number of P&S specification clauses desired

for projects of equal Complexity Rating.

Table 4.10: Summary of ANOVA Comparing Contract Remuneration Types

Project ) Reject
Complexity ¥ P-value Feri H,?
High 0.3149 0.5793 4.2100 No
Medium 0.0024 0.9611 4.2417 No
Low 0.0147 0.9045 4.2414 No

4.3 CLAUSE SELECTION FACTOR: PROJECT COMPLEXITY VS. CLAUSE
DESIRABILITY RATING

Section 4.1 established that there is a statistically significant relation
between Project Complexity Rating and SD rating; however, it does not provide

any information regarding specific clauses and how Project Complexity Rating
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affects each clause’s desirability rating. This section will analyze the relation

between Project Complexity rating and Clause Desirability (CD) rating.

A contingency table was set up for each clause, and a Chi-square test of
association was performed to establish if a relationship between complexity and
desirability exists. A Cramer’s V statistic was calculated to determine the strength
of the relationship between complexity and desirability.

The relationship between complexity and desirability was unable to be
proven statistically in many of the clauses because of the low number of
respondents to the survey. The Chi-square test of association compares the
number of observed frequencies to the number of expected frequencies (see
Chapter 3). If more than 20% of expected frequencies in the Contingency Table
are less than a quantity of five, the Chi-square test of association may not be
v}iable (Diekhoff 1996).

Throughout the survey, use of the “Undecided” option was significantly
less than use of either the “Yes” or “No” options. An answer of “Undecided”
was used in only 10.6% of the responses. “Yes” and “No” were used in 52.3%
and 37.1% of the responses respectively. Since the respondents used the
“Undecided” option so infrequently, none of the contingency tables contained
more than five expected frequencies for the “Undecided” option. Therefore, the

“Undecided” responses were combined with the “No” responses in the
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contingency tables. After combining these responses, 46.9% of the clauses for
notional Lump Sum projects and 44.9% of the clauses for notional Cost
Reimbursable projects met the criteria for a successful Chi-square test of
association. Cramer’s V sfatistic was also calculated for each clause to measure
the strength of the relationship between project complexity and clause
desirability.

4.3.1 Lump Sum Projects

| The degree of freedom df for each Contingency Table is two. For this
research, the y test of association was evaluated at a confidence level of o =
0.05. This produces a x2 critical value of 5.99. The null (H,) and alternative (H,)

hypotheses are stated below:

H,: no relationship exists between Project Complexity Rating and
Clause Desirability Rating

H,: a relationship exists between Project Complexity Rating and
Clause Desirability Rating

The follbwing condition has to be met in order to accept H, and reject H,:
e Condition: %% < 5.99

The following condition has to met in order to reject H, and accept H,:
e Condition: x> >5.99

Tables 4.11 through 4.13 are Contingency Tables for the Lump Sum

project clauses with the three highest Cramer’s V statistic in which the f, criteria
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was met. The values in parentheses in each table are the expected frequencies.

All of the Contingency Tables that met the Chi-square criteria for expected

frequencies are included in Appendix I.

Table 4.11: Contingency Table for Clause No. 1.3 as a Lump Sum Project

Clause Title:

Minimum Qualifications of

Clause Desirability Rating

Planning and Scheduling Staff Yes Und/No Totals
: i3 2
1o High (6.6) (8.4) 15
roject : 3 9
Cog(z;z;l{:;zty Medium (Giz) (.;.??) 14
Low (6.2) (1.8) 14
Totals 19 24 43
2 19.17
+? critical 5.99
Cramer’s V 0.668

A review of Table 4.11 shows that the condition to reject H, and accept H,

is met. Therefore, for Lump Sum projects, the desirability of clause “I.3

Minimum Qualifications of Planning and Scheduling Staff” is related to project

complexity. Further review of Table 4.11 shows that the relationship is a direct

one (i.e. desirability increases as complexity increases and vice versa). A review

of Tables 4.12 and 4.13 will show the same results.
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Table 4.12: Contingency Table for Clause No. 1.5 as a Lump Sum Project

Clause Title: Clause Desirability Rating
Preliminary Network
Submission Deadline Yes Und/No Totals
. 15 0
Project High (8;7) (6%2) 15
C(};izz;;f;glw Medium (83 1 (51.19) 14
Low 8.1) (5.9) 14
. 18.93
xz critical 5.99
Cramer’s V 0.664

Table 4.13: Contingency Table for Clause No. 3.7.2 as a Lump Sum Project

Clause Title: Clause Desirability Rating
Change Order
Summary/Documentation Yes Und/No Totals
; 14 1
h 15
Project Hie (994) (556)
Complexi i
c}g;ptizzzty Medium ( 848) (51-3) 14
Low (8.5) (52) 14
Totals 27 16 43
: , 13.02
% critical 5.99
Cramer’s V 0.550

Tables 4.14 through 4.16 are Contingency Tables for the Lump Sum

project clauses with the three lowest Cramer’s V statistic in which the f, criteria
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was met. The same conditions for accepting/rejecting H, and H, previously stated

above still apply.

Table 4.14: Contingency Table for Clause No. 2.3.5 as a Lump Sum Project

Clause Title:

Activity Level Resources

Clause Desirability Rating

Yes Und/No Totals
. 9 6
Proi High (1.3) (7.6) 15
roject 3 6 1
lexi .
Colgr‘zgi’el'igaty Medium (6.8) (72)
Low 4 10 14
(6.8) (7.2)
Totals 21 22 43
“ 3.44
%2 critical 5.99
Cramer’s V 0.283

A review of Table 4.14 shows that the condition to accept H, and reject H,

is met. Therefore, for Lump Sum notional projects, the relationship of clause

desirability and project complexity for clause “2.3.5 Activity Level Resources” is

not statistically significant. Does this mean that there is no relationship between

clause desirability and project complexity for this clause? No, it only means that

there is not enough evidence to reject H, at a confidence level of oo = 0.05. Also,

since ) increases as the number of fo increases, additional respondents would

likely result in > exceeding the critical value of . For example, if all of the f, in
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Table 4.14 were doubled, then %> would equal 6.87. | This value is high enough to
reject H, and accept H,. However, it is intereSting to note that Cramer’s V would
remain the same. This happens because the total number of observed frequencies
does not affect Cramer’s V statistic.

A review of Tables 4.15 and 4.16 also show that there is not enough

evidence to reject H.

Table 4.15: Contingency Table for Clause No. 2.3.7 as a Lump Sum Project

Clause Title: Clause Desirability Rating
Activity Costs Yes Und/No Totals
. 10 5
Project High (897) (652) -

Cogg;fzgzty Medium (861) (Ség) 14
Low 38.1) (5.9) 14
Totals 25 18 43
X 2.01
x? critical 5.99
Cramer’s V 0.216
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Table 4.16: Contingency Table for Clause No. 3.3 as a Lump Sum Project

Clause Title: Clause Desirability Rating
Updated Network Approval Yes Und/No Totals
. 11 4
Project High (990) (559) e
Coggfsgity Medium (855) (5é5) 14
Low (8.5) (5.5) 14
Totals 26 17 43
- 2.94
x* critical 5.99
Cramer’s V 0.261

Fifty-three percent of the clauses for notional Lump Sum projects did not
meet the criteria for fe. However, Contingency Tables were constructed for these
clauses, and x* and Cramer’s V statistic were calculated for each clause. While
the calculated % value cannot be used to accept/reject H, and H, for these clauses,

Cramer’s V statistic can be used to provide insight on the strength of the

relationship between complexity and clause desirability.

An issue that is of note is that a low fe will result in an abnormally high >
value for a corresponding small difference between f; and f,. This increases the
probability of Type I error, which is rejecting H, when it is true. However, it does
not increase the probability of Type II error, which is failing to reject H, when it
is false. Therefore, for Contingency Tables that do not meet the fe criteria, if the

resulting y* value is very low, this may show evidence that H, should be accepted.
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Table 4.17 shows the x2 and Cramer’s V statistic results for all clauses

regardless of whether the fe criteria was met.

Table 4.17: % Values and Cramer’s V Statistic for Lump Sum Projects

Clause 2 v Meets f, | Clause 2 v Meets f,

No. X Criteria | No. X Criteria
1.1 6.23 | 0.381 Yes 24.2 4.20 0.313 | No
1.2 2.61 0.246 No 24.3 7.03 0404 | Yes
13 19.17 | 0.668 | Yes 244 4.63 0.328 | Yes
14 16.02 | 0.610 | No 2.5.1 10.68 0.498 | Yes
1.5 1893 | 0.664 | Yes 2.5.2 6.04 0.375| Yes
1.6 877 | 0452 | No 2.5.3 9.60 0.473 | No
1.7 5.99 | 0.373 | Yes 2.6 5.66 0.363 | No
1.8 0.99 | 0.152 | No 2.7 6.49 0.388 | Yes
1.9 0.51 | 0.109 | No 2.8 18.28 0.652 | No
1.10 1096 | 0.505 | Yes 2.9 7.82 0.426 | Yes
1.11 10.35 | 0.491 No 2.10 10.70 0.517 | Yes
1.12 740 | 0415 No 2.11.1 10.56 0.496 | No
1.13 0.73 | 0.130 | No 2.11.2 9.22 0.463 | No
1.14 0.11 | 0.049 | No 2.11.3 10.56 0.496 | No
2.1 9.60 | 0473 | No 3.1 11.49 0.517 | No
2.2 429 | 0316 | No 3.2 4.30 0.316 | Yes
2.3.1 7.33 0413 No 33 2.94 0.261 | Yes
2.3.2 6.84 | 0.399 | No 34 4.53 0.325 | Yes
2.3.3 14.18 | 0.574 | No 3.5 4.17 0.311 | Yes
2.3.4 8.77 | 0452 | No 3.6 6.07 0.376 | Yes
2.3.5 344 | 0.283 | Yes 3.7.1 8.77 0.452 | No
2.3.6 5.63 | 0.362 | No 3.7.2 13.02 0.550 | Yes
2.3.7 2.01 | 0.216 | Yes 37.3 5.84 0.369 | Yes
2.3.8 10.59 | 0.502 | No 3.8 6.04 0.375| Yes
24.1 11.71 | 0.522 .| Yes
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There is a relationship between project compleXity and clause desirability

for most clauses; however, there are some clauses that show very little evidence

that a relationship exists. The following clauses all have % value less than three:

1.2: Scheduling Responsibility
1.8: Cost of Planning/Scheduling and Monitoring

1.9: Progress Payments for Planning/Scheduling and
Monitoring

1.13: Confidentiality/Schedule Ownership
1.14: Computer Access and Security
2.3.7: Activity Costs

3.3: Updated Network Approval

Desirability Rating

o
)

Clause 1.2: Scheduling Responsibility

w

N
!
I

-
1

Low Medium High
Complexity Rating

W Lunmp Sum

Figure 4.1: Responses to Clause 1.2
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Figure 4.1 reveals why clause 1.2 has a very low x* value. This is because
this clause’s desirability rating is high even for low complexity projects. This

clause identifies who is responsible for the Schedule.

Clause 1.8: Cost of Planning/Scheduling
3
=
£
52
g M Lump Sum
B 4
g
g _L_LI
0 A
Low Medium High
Complexity Rating
Figure 4.2: Responses to Clause 1.8
Clause 1.8: Cost of Planning/Scheduling
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Figure 4.3: Contractor and Owner Responses to Clause 1.8




Figure 4.2 shows that clause 1.8 is not a particularly desirable clause.
Figure 4.3 shows how both Contractors and Owners view this clause. Contractors
gave it a higher CD rating than Owners. Clause 1.8 sets up the method to
estimate how much the Contractor will get paid for performing Planning,
Scheduling, and Monitoring.

Clause 1.9, which is shown in Figures 4.4 and 4.5, is dependent upon
clause 1.8. Clause 1.9 sets up how progress payments will be made to the
Contractor for performing Planning, Scheduling, and Monitoring, which is based

on the estimates developed as a result of clause 1.8.

Clause 1.9: Progress Payments for Planning/Scheduling
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Figure 4.4: Responses to Clause 1.9
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Clause 1.9: Progress Payments for Planning/Scheduling
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Figure 4.5: Contractor and Owner Responses to Clause 1.9

Figure 4.5 shows a more significant difference between Contractor and
Owner Desirability Rating for clause 1.9 than Figure 4.3 did for clause 1.8. This
is because clause 1.9 deals with actual progress payments to the Contractor.

The subject of clauses 1.13 and 1.14 is schedule confidentiality and
computer access/security. There is a low correlation between complexity and
clause desirability for these clauses because the complexity of a project is not
related to the need for schedule confidentiality and computer access/security.
These are issues are determined by the owner and are independent of project
complexity.

There was significant difference in the responses to clause 1.14 between
Contractors and Owners (see Figure 4.6). Most of the Owners that responded to

the survey are from NAVFAC. The Navy, like other Department of Defense
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organizations, is very conscientious regarding computer access and

security.
Clause 1.14: Computer Access and Security
3
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Figure 4.6: Contractor and Owner Responses to Clause 1.14

A review of Figure 4.7 shows that clause 2.3.7 has very little variation in
Clause Desirability rating from high complexity to low complexity. Figure 4.8

shows a huge difference in how Owners and Contractors view this clause.
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Clause 2.3.7: Activity Costs
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Figure 4.7: Responses to Clause 2.3.7
Clause 2.3.7:'Activity Codes
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Figure 4.8: Contractor and Owner Responses to Clause 2.3.7

Figure 4.9 also shows very little variance in Clause Desirability rating for

clause 3.3 from high complexity to low complexity.
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Clause 3.3: Updated Network Approval
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Figure 4.9: Responses to Clause 3.3

4.3.2 Cost Reimbursable Projects

The same % test of association and Cramer’s V statistic were completed
for notional Cost Reimbursable projects as were for notional Lump Sum projects.
The same @, df, H,, and H, were also used. The results of these testes are shown
in Table 4.18. If the f, criteria is met and %* > 5.99, then it is concluded that a
statistically significant relationship exists between Project Complexity and Clause
Desirability. Contingency Tables for all of the clauses that met the f, criteria are
in Appendix JI.

Fifty-five percent of the clauses for notional Cost Reimbursable projects
did not meet the criteria for f,. While the calculated % value cannot be used to

accept/reject Ho and Ha for these clauses, Cramer’s V statistic can be used to
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including those that did not meet the criteria for f.

provide insight on the strength of the relationship between complexity and clause
desirability.
Table 4.18 shows the %? and Cramer’s V statistic results for all clauses,
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Table 4.18: %* Values and Cramer’s V Statistic for Cost Reimbursable Projects

Clause 2 v Meets f, | Clause 2 v Meets f,

No. X Criteria No. X Criteria
1.1 3.27 0.276 | No 24.2 5.75 0.379 | No
1.2 3.76 0.307 | No 24.3 7.25 0.426 | Yes
1.3 17.88 0.669 | Yes 244 4.81 0.347 | Yes
14 12.69 0.563 | No 2.5.1 10.95 0.523 | Yes
1.5 14.40 0.600 | No 2.5.2 6.43 0.401 | No
1.6 9.12 0.477 | No 2.5.3 9.94 0.498 | No
1.7 10.92 0.522 | Yes 2.6 5.81 0.381 | No
1.8 2.74 0.262 | No 2.7 6.95 0.417 | Yes
1.9 1.23 0.175 | No 2.8 12.62 0.562 | No
1.10 17.88 0.669 | Yes 2.9 6.33 0.398 | Yes
1.11 9.69 0.492 | No 2.10 9.05 0.494 | Yes
1.12 5.47 0.370 | No 2.11.1 9.86 0.496 | No
1.13 0.73 0.135 | No 2.11.2 9.69 0.492 | No
1.14 0.73 0.135 | No 2.11.3 9.86 0.496 | No
2.1 11.42 0.534 | No 3.1 8.24 0.454 | No
2.2 5.51 0.371 | No 3.2 9.13 0.478 | No
2.3.1 5.51 0.371 | No 33 3.26 0.285 | Yes
2.3.2 5.01 0.354 | No 34 7.52 0.433 | No
2.3.3 11.77 0.542 | No 3.5 6.49 0.403 | Yes
2.3.4 9.94 0.498 | No 3.6 6.43 0.401 | No
2.3.5 4.90 0.350 | Yes 3.7.1 7.01 0.419 | No
2.3.6 7.54 0.434 | No 37.2 14.30 0.598 | No
2.3.7 3.27 0.286 | No 3.7.3 6.58 0.405 | Yes
2.3.8 7.09 0.426 | No 3.8 8.83 0.470 | Yes
24.1 9.58 0.489 | Yes

As with the notional Lump Sum projects, there is a relationship between

project complexity and clause desirability for most clauses, however; there are

some clauses that show very little evidence that a relationship exists. The
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following clauses had x> values less than three (none of the clauses met the £,
criteria):
e 1.8: Cost of Planning/Scheduling and Monitoring

e 1.9: Progress Payments for Planning/Scheduling and
Monitoring

e 1.13: Confidentiality/Schedule Ownership

o ].14: Computer Access and Security

Section 4.2 established that there was not a significant difference between
the Specification Desirability (SD) ratings for Lump Sum and Cost Reimbursable
projects; therefore, it is expected that the clauses with the four lowest x* value and
Cramer’s V statistic for Lump Sum and Cost Reimbursable projects would match
(or at least have some clauses in common). As seen above, the four lowest for
Cost Reimbursable projects are the same as the four lowest for Lump Sum
projects. Figure 4.6 shows some differences in both Lump Sum vs. Cost

Reimbursable and Contractor vs. Owner for clause 1.8.
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Clause 1.8: Cost of Planning/Scheduling
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Figure 4.10: Contractor and Owner Responses

A review of Figure 4.10 shows significant difference between Contractor
and Owner responses for Cost Reimbursable projects at the medium and high
complexity level as compared to Lump Sum projects at the same complexity
levels. Even though the Owner assumes more risk with Cost Reimbursable
contracts, the Contractor has to spend more administrative time tracking costs.
Contractors are probably looking for additional compensation by responding
“Yes” more often with this clause for Cost Reimbursable projects. If this clause
is added to the specification, Planning and Scheduling now becomes a cost that
can be adjusted to reflect actual costs instead of part of a set “fee.”

4.4 CLAUSE SELECTION FACTOR: CONTRACTOR VS. OWNER
This section evaluates if there is a statistically significant difference in the

Specification Desirability (SD) rating between Contractors and Owners for both
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Lump Sum and Cost Reimbursable projects. ANOVA was used to determine if
the difference between the means is statistically significant. The three
assumptions associated with ANOVA (normal distribution, equal variances, and
random/independent samples) had to be tested for Contractor and Owner data for
both Lump Sum and Cost Reimbursable projects.
4.4.1 Lump Sum Projects

As stated in earlier sections, the samples are random and independent.
The %* goodness-of-fit test was performed to see if there was a significant
difference between the sample distributions and normal population distribution,
and a two-sample F-test to compare two population variations was completed to
test the assumption of equal variance. Table 4.19 lists the sample distributions
and means for SD ratings of Contractors and Owners for Lump Sum projects.

At first glance, Table 4.19 seems to show a significant difference between
Contractor and Owner SD ratings for medium and low complexity projects.

ANOVA was used to determine if these differences are statistically significant.
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Table 4.19: Specification Desirability Rating for Lump Sum Projects

Contractors Owners

High Medium Low High Medium Low
1.898 0.612 0.367 2.602 2.296 1.561
2.204 1.469 0.857 2.296 1.684 1.561
2.813 2.438 0.938 2.082 1.898 1.776
2.344 1.286 0.000 2.602 2.173 1.653
1.898 1.286 1.286 0.704
2.418 2.051 1.408

2.602 2.327 1.653

2.571 1.898 0.000

2.204 1.776 1.469

3.000 1.561 0.306
2.231% 1.451% 0.541* 2.366* 1.895% 1.209*

* Sample Mean

As stated above, the %> goodness-of-fit test was used to test the

assumption of normal population distribution. The test was performed in the

same manner as in Section 4.1. A summary of the results of this test is shown in

Table 4.20. All samples met the assumption of normal population distribution.
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Table 4.20: Summary of Chi-Square Goodness-of-Fit-Test

Respondent C::::[);ilz;tity X Critical 3* msﬁffi?ln?
‘High 2.319 9.236 Yes
Contractors | Medium 1.134 9.236 Yes
Low 1.492 9.236 Yes
High 5.323 9.236 Yes
Owners Medium 1.721 9.236 Yes
Low 7.567 9.236 Yes

The two-sample F-test to compare two population variations was
~comp